Utah State University

DigitalCommons@USU
All Graduate Theses and Dissertations

Graduate Studies

5-1988

Nitrogen and Energy Budgets of Production Ewes on Summer
Range in Southwestern Utah
John W. Halpop
Utah State University

Follow this and additional works at: https://digitalcommons.usu.edu/etd
Part of the Animal Sciences Commons

Recommended Citation
Halpop, John W., "Nitrogen and Energy Budgets of Production Ewes on Summer Range in Southwestern
Utah" (1988). All Graduate Theses and Dissertations. 4086.
https://digitalcommons.usu.edu/etd/4086

This Thesis is brought to you for free and open access by
the Graduate Studies at DigitalCommons@USU. It has
been accepted for inclusion in All Graduate Theses and
Dissertations by an authorized administrator of
DigitalCommons@USU. For more information, please
contact digitalcommons@usu.edu.

ii

ACKNOWLEDGEMENTS
I have learned over the course of this project that
research isn't conducted in a vacuum.
and, at the expense of the ego,

Assistance, advice

a little criticism must

be sought from many quarters.
Of those who had a hand in this research and deserve
acknowledgement, I would like to first thank the
university farm staffs, specifically Cole Evans and Lynn
Esplin of the International Sheep and Goat Institute, Chad
Smith, of the Veterinary Science Farm, and Parl Galloway
of the South Farm for the use of facilities and equipment.
Field seasons were made much easier and enjoyable through
the assistance of Wayne Urie, Gary Gowens, Alan Riggs,
Shane Flanagan, Mike Donovan, Dave Danelle, and Carol
Bowns. Others who have assisted me in the preparation of
this thesis include Dr. Dave Clark (USDA-ARS) and Beth
Burritt of the USU Range Science Dept.
I would also like to extend thanks to my graduate
committee.

Dr. Lyle G. McNeal provided the expertise in

sheep management, a background I lacked prior to this
research and Dr. James E. Bowns brought a great deal of
his knowledge to the project, not to mention many hours in
the field.

Lastly, I had the benefit (or misfortune) of

conducting this study under two major professors . Dr.
Richard L. Senft, presently with the USDA-ARS, Booneville·,
AR, laid the groundwork, provided the initiative, and has

iii

continued to be available for consultation through the
completion of this work.
Randall Wiedmeier,

My current major professor, Dr.

inherited the project and through

support and enthusiasm made it's completion possible.
Finally, I must thank my parents, Mr . and Mrs. Kenneth
Halpop, who believe stubbornness is a quality to be
admired in people.
John William Halpop

iv

TABLE OF CONTENTS
Page
ACKNOWLEDGMENTS .
LIST OF TABLES .
LIST OF FIGURES .

.
.

.
.

.
.

..

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

. i i
.

. v

. . . . . . . . . . . . . . . . . vi

.

vii

INTRODUCTION

. 1

ABSTRACT .

LITERATURE REVIEW .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.3

Diet Quality . . . . . . . . . . . . . . . . . . . . . 3
Total Collection . . . . . . . . . . . . . . . . . . . 5
Energy Status .
.7
Nitrogen Status . . . . . . . . . . . . . . . . . . . 19
METHODS .

.

.13

study Area
.13
Experimental Animals
.13
Field Methods . . . . . . . . . . . . . . . . . . . . 14
Laboratory Methods . . . . . . . . . . . . . . . . . . 16
Nitrogen and Energy Budgets . . . . . . . . . . . . . 18
Statistical Analysis
.29
RESULTS AND DISCUSSION . . . .
Rate Of Intake and
Nitrogen Status .
Energy Status . .
Nutritional Limits
SUMMARY . .

.

.
.

.21

Excretion
.21
. . . . . . . . . . . . . . . . . 26
. . . . . . . . . . . . . . . . . 34
To Production . . . . . . . . . . . 38
• .

• .

.

• .

.

.

.

.

.

.

.

.

• 46

LITERATURE CITED

.48

APPENDIX .

.52

v

LIST OF TABLES
Table
1.

2.
3.
4.

5.

6.

Page

ESTIMATED DRY MATTER INTAKE (DMI) INTAKE AS A
PERCENT OF BODY WEIGHT (\ BW) AND In Vitro
ORGANIC MATTER DIGESTIBILITY (IVOMDJ a:p--PRODUCTION EWE DIETS . . . . . . . . . . . . .

22

ESTIMATED DRY MATTER INTAKE (DMI) AND EXCRETION
RATES OF FECES AND URINE OF PRODUCTION EWES .

23

CONCENTRATION (\) OF DIETARY, FECAL, AND URINARY
NITROGEN (N) IN PRODUCTION EWES .

27

ESTIMATED INTAKE AND EXCRETION OF NITROGEN (N)
TO FECES AND URINE OF PRODUCTION EWES DATA
EXPRESSED AS gN/(ewe tr d-1) . . . . . . . .

.

DIGESTIBILITY AND BUDGET OF NITROGEN (N) IN
FREE-GRAZING PRODUCTION EWES. DATA EXPRESSED
AS gN/(MBW * d-1) . . . . . . . . . . . . . .
ESTIMATED INTAKE AND EXCRETION RATES OF ENERGY
TO FECES AND URINE IN PRODUCTION EWES. DATA
EXPRESSED AS kcal/(ewe * d-1). . . . . . . . .

. 29

. .39

. 37

7.

DIGESTIBLE (DE) AND METABOLIZABLE (ME) ENERGY IN
FREE-GRAZING PRODUCTION EWES. DATA EXPRESSED AS
kcal/(MBW * d-1) . . . . . . . . . . . . . . . . . . 39

8.

MAINTENANCE REQUIREMENT AND ESTIMATED INTAKE OF
NITROGEN (N) AND DIGESTIBLE ORGANIC MATTER INTAKE
.49
(DOMI) OF PRODUCTION EWES . . . . . . . . . . .

9.

ESTIMATED INTAKE AND EXCRETION OF NITROGEN (N)
TO FECES AND URINE IN PRODUCTION EWES. DATA
EXPRESSED AS gN/(MBW * d-1) . . . . . . . . . . . . 53

19. ESTIMATED INTAKE AND EXCRETION RATES OF ENERGY
TO FECES AND URINE IN PRODUCTION EWES. DATA
EXPRESSED AS kcal/(MBW * d-1).
. . . . . .

54

11. SAMPLING SCHEDULE FOR THE 1986 AND 1987 GRAZING
TRIALS . . . . . . . . . . . .
. . . . . . .

55

vi

LIST OF FIGURES

Figure
1.

2.
3.

Page

Relative monthly precipitation data recorded
six miles north of the study site at a similar
elevation of 2599 m. . . . . . . . . . .

25

Gross nitrogen (N) partitioning observed in
free-grazing ewes on summer range. 1986.

. . . 32

Gross nitrogen (N) partitioning observed in
free-grazing ewes on summer range. 1987.

33

4.

Gross energy partitioning observed in free-grazing
ewes on summer range. 1986. . . . . . . . . . . .
35

5.

Gross energy partitioning observed in free-grazing
ewes on summer range. 1987. . . . . . . . . . .
36

6.

Relative limiting nutrient (s) for free-grazing
ewes on summer range. 1986. . . . . . . . . . .

42

Relative limiting nutrient (s) for free-grazing
ewes on summer range. 1987 . . . . . . . . . . .

43

7.

vii

ABSTRACT
Nitrogen and Energy Budgets of Production Ewes
on Summer Range in Southwestern Utah
by
John

w.

Halpop, Master of Science

Utah Sate University, 1988
Major Professor: Dr. Randall D. Wiedmeier
Department: Animal, Dairy and Veterinary Sciences
Nitrogen (N) and energy budgets for free-roaming ewes
were quantified on mountain summer range in southwestern
Utah in 1986 and 1987.

Diet quality (\N),

in vitro

organic matter digestibility (IVOMD), and energy were
estimated with the use of five esophageally fistulated
ewes. Excretion rates of N and energy to feces and urine
were measured by total collection from five nonfistulated
ewes.
Total intake N(gN/(MBW

*

-1

d

) tracked intraseasonal

changes of dietary N percent but was apparently buffered
by fluctuations in dry matter intake . In each year, total
urine N was closely related to dietary N concentration,
2
2
r = 9.97 (1986) and r = 9.89 (1987).
Total N excreted via
feces varied as a function of dry matter output rather
than fecal N concentration. Consumption of gross energy
(GE) paralleled dry matter intake in both years of the

viii

2
study, r

=

.99. Fecal energy excretion (kcal/(MBW

*

-1
d

)

was associated with dry matter output while urine energy
varied with little amplitude across both grazing seasons .
In both years, absolute values for metabolizable energy
(ME) and nitrogen balance indicated that the sheep were i n
a positive nutritional state throughout the grazing
season.

ME levels calculated by difference were

consistently higher than when determined by DE X 9.82,
since the gaseous products of fermentation were not
accounted for in difference determinations.
Ratios of estimated intake versus maintenance levels of
nitrogen and energy were calculated for each grazing
season under study. The data suggest that in 1986, N was
relatively more limiting in early summer, while energy was
relatively more limiting at the end of the season.
Digestible organic matter intake appeared to be below
maintenance requirements in September, 1986 .

In 1987,

relative amounts of both nutrients paralleled each other
throughout the grazing season and were above maintenance,
with the exception of the September trial when both
nitrogen and energy were below calculated maintenance
levels.
(66 pages)

INTRODUCTION
High elevation ranges of the Intermountain West have
historically been used as a seasonal forage resource for
domestic livestock.

Typical management schemes entail

extensive grazing of ewe-lamb pairs on native plant
communities.

The quality of these areas is generally

described in terms of animal weight gains, the presence
and/or abundance of preferred plant species or a
combination of plant and animal factors.
Vegetational effects on animal productivity in a
wildland context have been described, though the
mechanisms are not so clearly defined.

Diet quality,

species composition, or forage productivity alone do not
fully describe the nutritive status of sheep on range.
The research reported here focused on the animal side of
the plant - animal interaction.

Specifically, production

range ewes were monitored as a biological unit as they
foraged through the summer grazing season.
To further understand the physiological functioning of
ewes on summer range, gross nutrient flows in the form of
nitrogen and energy were tracked (after Asplund, 1979).
Of primary interest was the biological partitioning of
nutrients to feces, urine, and production as vegetal
conditions changed through the season.
The stated objectives for this research were as follows:
1 - To quantify within-season variation in

nitrogen and energy consumption against excretion
to feces and urine.
2 - To determine intake versus required levels of
maintenance energy and nitrogen in production ewes
and to determine which nutrient(s) are potentially
limiting to production through the summer grazing
season.

3

LITERATURE REVIEW
Grazing research involving range sheep is replete with
information describing dietary quality (Cook et al., 1967;
Buchanan et al., 1972; Ruyle, 1983).

Sward factors

influencing the quality of forage include the genus and
species of a selected plant and will vary with the plant
part chosen, stage of maturity, and soil fertility
(Norton, 1981).

Animal-related factors determining

nutrient requirements include age, class, body condition,
and physiological status (NRC, 1985).

Diet quality in

terms of nitrogen content, digestibility, and rate of
intake have been used to bridge the gap between the
pasture ecosystem and animal production .
It is readily apparent that the nutritional status of
the grazing ewe is dependant upon the consumption level of
required nutrients .

Allison (1985, p. 3 B5) states "the

most critical factor in meeting nutrient requirements of a
grazing ruminant is knowledge of how much it will
voluntarily consume . "

Determining ingestion rates by

conventional means requires information on both diet
digestibility and fecal production.

In this way an

estimate of voluntary intake may be projected by dividing
fecal output by the indigestible fraction of the diet
(Leaver, 1982).

4

Die t Quality
Holechek et al.

(1982) reviewed the methods available

for defining the nutritive quality of range ruminant diets
and found esophageal fistulation as the most reliable
means of estimating actual consumption.

In comparison to

esophageal fistulation, these workers found that ruminal
techniques could possibly stress the animal or stimulate
less s electi v e foraging patterns.

The principal advantage

of rumen evacuation i s that complete collections are
assured.

Since extrusal sampling essentially marks a

point in time, floristic complexity and the level of
satiety may affect how representative a particular sample
actually is.

In addition fistula diameter, stemminess of

the forage, and the degree of mastication contribute to
the portion of the actual diet found in extrusa (Leaver,
1982; Harris et al . , 1977).
Despite these limitations, esophageal techniques remain
the most accurate est i mate of what the grazing animal is
actually consuming.

This was shown by Mcinnis et al.

(1983) who fed known diets to bifistulated cattle and
found increasingly dissimiliar botanical composition as
sampling progressed from the esophagus to the rumen and in
fecal endproducts.

The trend was for an over-

representation of graminoids and an underrepresentation of
£orbs.

In conclusion, these researchers stated that

esophageal fistulation retains forage integrity by

minimizing cellular

ero~ion

(Mcinni~

et al., 1983).

Working with sheep on sagebrush-grass range in
northeastern Idaho, Harniss et al.

(1975) indicated that

significantly fewer samples are required to achieve
desired confidence intervals when the investigator is
concerned with chemical versus botanical constituents.
They concluded that diet quality analysis is less
sensitive to floristic complexity than are botanical
assays.
Total Collection
Total collection procedures for the measurement of fecal
production (Lesperance and Bohman, 1961) and urinary
output (Stillwell et al., 1983) have been aptly described
for the free-grazing ruminant.

Harnessing and bagging

subject animals remains the simplest and most
straightforward method for quantifying excretion rates
(Leaver, 1982).

As should be the case, caution must

exercised whenever the researcher places extraneous
equipment on a "free-ranging" animal.

Total collection

may become problematic in two areas of consideration.
First, actual output may be underestimated due to poor
fit of the collection apparatus (Harris et al., 1977).

By

nature of the method it is difficult to overestimate daily
production, and incomplete collections may not be readily
noticed (Cordova et al., 1978).

Johnson et al.

(1982)

described a statistical approach for estimating excretory
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rates, whether or not missing ddta 1! !U!pected.

By

plotting cumulative excreta against cumulative time a
simple linear model is developed.

From the model,

standardized residuals plotted against time will reveal
the randomness of sample distribution. These investigators
(Johnson et al., 1982) maintained that least squares
analysis

provides a better estimate of daily excretion

over simple averaging because the intervals between
collections are rarely equal throughout a trial, and the
natural variability in excretion rates can be estimated
with improved accuracy.
The second area of consideration pertaining to total
collection is the equipment effect upon normal foraging
patterns.

It is the intent of most range ruminant studies

to infringe as lightly as possible on the free-grazing
animal and yet obtain reliable information.

Where total

collection is involved the animal must adapt to the
physical weight of the apparatus and acclimate
behaviorally to its presence.
al.

Leaver (1982) and Harris et

(1977) recommended emptying collection bags twice daily

to minimize the weight factor.

Van Soest (1982) theorized

that as available forage declines and travel distances
increase total collection procedures will increasingly
underestimate true excretion rates, the rationale being
that the equipment will exert a greater hindering effect
as the search area increases.

There were no data

presented to substantiate this claim.
Energy status
Determination of the status, requirements, and
consumption of energy by range sheep has been the subject
of numerous studies, yet remains an elusive entity to
quantify in real terms (Coop and Hill, 1962; Langlands et
al., 1963; Young and Corbett, 1968, 1972a & b; Blaxter and
Boyne, 1982).

Energy, by nature, can only be measured

when it is transformed from one form to another and can
only be described as an endproduct.

Nutritional

energetics have traditionally partitioned energy into
digestible, metabolizable, and net (useful product)
.fractions (NEDA, 1981).

The nutritional state

of an

animal with respect to energy is therefore founded on the
catabolism of organic fuels.

Based on such information,

true energy equilibrium must be regarded theoretically
since even when intake matches all accountable
transformations there is a continual process of catabolism
(oxidation) and synthesis occurring within the organism
(Garrett and Johnson, 1983).
Asplund (1979) characterized gross balance experiments
as those where only fecal and urinary losses are
considered.

Net balance studies therefore include

respiratory and dermal losses.

Maintenance-level energy

experiments which account for the gaseous products of

fermentation have been eondueted in respiration ehambers
(Van Soest, 1982) .

However, these studies are limited to

housed situations where a known diet is provided to the
animal and the incremental energy costs associated with
grazing are not a factor.
Osuji (1974, p. 437) stated the additional energy costs
of the rangeland herbivore as those "of eating, walking to
graze, the work of digestion, and environmental stresses
(thermoregulation)."

These added costs are translated to

an elevated energy expenditure for the pasture versus
penned animal.
Coop and Hill (1962) studied the digestible organic
matter intake (DOMI) requirements of penned and grazing
sheep with intake based on fecal production and N
concentration.

They estimated a range of DOMI values from

1.36 to 1.63 kg/day across body weights for grazing sheep,
as opposed to an estimated 3.92 kg/day for penned sheep.
Their results indicated that pasture sheep have energy
requirements about 25% higher than values for penned sheep
on medium-to-high availability pasture . According to this
research (Coop and Hill, 1962), an inverse relationship
exists between herbage availability and required
maintenance energy, the causitive factor being increased
time spent grazing.

Langlands et al.

(1963) also used

DOMI as an indicator of relative maintenance energy
requirements for housed and grazed sheep. Their absolute
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DOMI

requirement~

were

~lightly

lower than

tho~e

of coop

and Hill (1962) for animals under each management system;
however, relative increases in maintenance energy for
grazed sheep were in agreement at about 25%.
Young and Corbett (1968) measured the maintenance energy
requirements of grazing sheep by 1) respiratory gas
exchange via tracheotomy and 2) carbon dioxide entry-rate
techniques (CERT).

They assumed that constant liveweight

represents a state of maintenance, or zero retention of
energy.

Findings from this research showed that sheep in

good-to-fat condition, grazing productive pastures
required 132 kcal ME/(MBW

*

-1

d

over similiar penned animals.

) or a 50% increase in ME
Although appropriate where

energy balance cannot be determined precisely, the authors
subsequently reported that constant liveweight comparisons
may mask or exaggerate body-mass changes through variation
in rumen fill.

In addition, a change in tissue

composition but not body mass may not reveal changes in
energy content without the use of comparative slaughter
techiques (Young and Corbett, 1972a).
Young and Corbett (1972a), in a continuation of Young
and Corbett (1968), reported maintenance requirements for
grazing sheep elevated 60 - 70% (kcal/MBWkg/day) across
treatments of varying herbage availability as opposed to
penned animals .

These

result~

were in accordance with the

DOMI values previously reported by Coop and Hill (1962).
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It

wa~

further reported that t he metabolizable energy

requirements of sheep across treatment types and body mass
were represented by the equation M

=

45.l(W) + 256; where

M equals the estimated metabolizable energy requirement
(kcal/day) and W is the mean liveweight (kg) of the sheep
(Young and Corbett, 1972a).

In a companion study and as a

cautionary note, Young and Corbett (1972b) suggested that
sheep grazing under sparse conditions may ingest
sufficient amounts of soil to bias estimates of in vitro
digestibility, thereby inflating intake and overestimating
required maintenance energy.
Annual periodicity in basal metabolic rates may be
another factor to consider in energetic research involving
sheep.

In a metabolism cage study, Blaxter and Boyne

(1982) found evidence that the relatively low voluntary
intake of sheep in winter may be associated with a low
metabolic rate, and that maximal metabolism (and intake)
is observed in midsummer.

These results were gathered

from sheep fed maintenance-level rations and were
presented as an artifact of another independent study.
Nitrogen Status
Estimation of the nitrogen status of a ruminant differs
from energy analysis, in that nitrogen may be
characterized by a single atomic species (Asplund, 1979).
While energy determinations stipulate a transformation in
the form of heat production, nitrogen values may be
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described as a concentration or an organic amount.

For

the purposes of gross balance experiments (Asplund, 1979),
where only the fecal and urinary vectors are monitored,
there is negligible within-animal confounding of nitrogen
and energy values.

stating this, it must be mentioned

that gaseous ammonia-nitrogen losses in the rumen (Martin,
1966) have been documented, though the potential effect as
a heat contributor is beyond the scope of this research.
The appropriateness of using total nitrogen versus
specific amino acids in the whole-animal context lies in
the digestive and synthetic capacity of rumina! microbes
(Owens and Bergen, 1983).

Quantification of amino acid

flow rates at the species level, as reflected by the
voluntary consumption of rangeland forage, has yet to be
defined.
Past research has reported the effect of low dietary
crude protein on the nutrient status of grazing sheep
(Vercoe et al., 1961; Allden and Jennings, 1969).

Van

Soest (1982) mentioned that when dietary crude protein
falls below 6-8\, either digestibility or intake will
decline.

He stated that these effects are attributable to

the obligatory nitrogen requirements of rumen microflora,
presented mainly in the form of ammania-N.

However,

complexities of the digestive tract prevent crude protein
from being described as "limiting" at an absolute
concentration.

Notable factors include: 1) form of the
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ingested protein in respect to it's degradability, 2)
dietary levels of availalable energy, 3) the level of urea
recycling defined as a function of the diet, 4)
physiological requirements and body condition of the
animal, and 5) the level of available sulfur, a deficiency
of which may inhibit N utilization by microbes (Owens and
Bergen, 1983; Siddons et al., 1985).
Fecal-N concentration and dry matter output has been
used to predict N consumption in grazing sheep (Vercoe et
al., 1961).

The empirical equations derived from this

experiment were able to estimate digestible organic matter
intake and apparent digestible nitrogen intake within
acceptable confidence levels.

Shortcomings to this

method, as described by Allden and Jennings (1969), are
that the empirical equations tend to be site-specific, and
since urinary N isn't measured, N balance isn't possible .
Application of the fecal-N concentration-output method for
estimating dietary N may be appropriate for result
comparison within a particular study (Allden and Jennings,
1969).

Cordova et al. (1978) suggested that fecal marker

studies are better predictors of diet digestibility than
specific nutrients, but that due to large coefficients of
variability their use may be restricted to situations
where large differences in intake are expected.

13
METHODS
Study

~

This study was conducted at the Utah Agricultural
Experiment Station located approximately 33 miles east of
Cedar City, Utah. The study site lies at an elevation of
2533 m. and is typical of other summer ranges in the area.
The vegetation of the site consists of aspen (Populus
tremuloides) and gambel oak (Quercus gambelii) woodland.
Associated grasses include kentucky bluegrass (Poa
pratensis) and mountain brome (Bromus carinatus).
Interspersed are large grass and grass-shrub openings.
Major forage species are kentucky bluegrass, letterman
needlegrass (Stipa lettermani), american vetch (Vicia
americana), yarrow (Achillea millifolium), and snowberry
(Symphoricarpos oreophilus).
The study reported here was conducted on 3.4 ha
paddocks.

The paddocks are similiar in slope and

herbaceous productivity and contain vegetation
representative of other ranges in the area (Ruyle, 1983).
Experimental Animals
The sheep used in this study were Targhee type crossed
with Suffolk and/or Finsheep and had previously been
grazed on the study site.

In March 1987, thirteen bred

ewes were purchased from a representative flock in
Southern utah that had prev1ou5ly grazed on the 5tudy

14
s i~e.

Tfie

~nirnai9

w&:e

tran~~e:ted

te

~e~an,

UT to: the

purpose of lambing and surgical preparation. Lambing
commenced on April 2 and finished April 21.

Two ewes were

ruminally fistulated for a companion study.

The remaining

ten ewes, including eight sets of twins and two single
lambs were used in year one(1986) of the study.

Five of

these ewes were esophageally fistulated, a T-type plastic
cannula was used to maintain the fistula.
Four esophageally fistulated replacement ewes were
purchased from the Utah State University (USU) Range
Science Department in the fall of 1986 in preparation for
the 1988 summer grazing season.
bred to a Suffolk ram.

All test animals were

Lambing commenced on April 23 and

was completed May S, 1987.

The experimental group

contained one set of triplets, six sets of twins, and
three single lambs.
Field Methods
Pasture-level sampling during the study took place in
enclosures located in pasture number six, with the
exception of September, 1986 when data collection was
performed in pasture four due to low forage availability.
Between trials, sheep were allowed to graze the enclosures
until enough forage had been removed to approximate
utilization in the pasture at large .

This was done so

forage available to the test animals would simulate that
available to animals grazing the remainder of the study
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area.

collection periods for both years of the grazing

trial are presented in the appendix (Table 11).
Esophageally fistulated and nonfistulated ewes (5 each)
were managed separately to improve the efficiency of
collections and to avoid elevating paddock-stocking rate.
Based on an animal unit equivalent (AUE) ratio of 5:1
(ewe:cow), and a 3.5 month grazing season, the seven
ha (1 acre) paddocks provided
animal unit month (AUM) .

~.6

~.4

ha, or 2 acres per

This compares to the 2.7 acres

per AUM allowed on the overall experiment over the course
of this research.

The experimental animals not being used

in the study paddocks were maintained in a separate
pasture on

~.4

-

~.6

ha enclosures by means of temporary

'New Zealand'-type electrical fencing.

Esophageal

extrusa and total excreta collections were performed
consecutively and when possible on contiguous paddocks
four times during the 1986 and 1987 summer grazing
seasons. Prior to sampling, fistulated ewes were allowed a
minimum of seven days to acquaint themselves with the
forage on offer after being brought onto the study site.
Extrusa collections were made for three or more
consecutive days to obtain a minimum of 15 data points to
assess diet quality, as suggested by Harniss et al.
(1975) .

Fistulated sheep were not penned prior to

sampling, which may have artificially altered their normal
foraging patterns.

Daily sampling was initiated between

16

daybreak and

~83~

and between

lG~~

and dusk, which 1z

similiar to the grazing activity of sheep at large (Bowns,
1971).

Animals were fitted with screen-bottom collection

bags and allowed to forage for 20 - 40 minutes. A greater
than 90\ recovery rate was realized using non- fasted
animals; however, if sampling was extended beyond 43
minutes the sheep tended to contaminate extrusa with rumen
contents.

Extrusa were subsampled, placed in plastic

bags, and frozen within 30 minutes of collection.

Extrusa

samples were maintained in a frozen condition until freeze
dried preparatory to chemical analysis.
Total fecal and urine collection (96 hr) was conducted
on five non-fistulated ewes at four points through each
grazing season.

Ewes were fitted with 18 French Foley

catheters which emptied into 2-liter urinary drainage bags
(Stillwell et al., 1983).

Urea was stabilized by the

addition of 10 ml of 10 ppm phenylmercuric acetate to the
drainage bags following each collection.

Fecal bags were

changed twice daily and excreta randomly subsampled and
frozen.
Laboratory Methods
Freeze-dried extrusa samples were ground in a Wiley
mill to pass a

2 mm screen.

Two stage in vitro organic

matter digestibility (IVOMD) was determined by 48-hr rumen
fluid digestion, followed by a 46-hr acid-pepsin digestion
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Rumen innocula were obtained

( Tilley and Terry, 1963).

from a ruminally fistulated ewe fed a grass hay diet for
1~

days prior to donation.
Fecal material was partially dried for three days at 63°

C.

Feces were then ground in a Wiley mill to pass a 2 mm

screen.

Individual fecal samples were composited within

animals across days of the trial in proportion to am:pm
dry matter output.

True dry matter was determined by

drying composited samples in an oven at 1~5° C for 12 hrs.
Missing or incomplete collections of feces or urine were
estimated by simple linear regression analysis by plotting
cumulative excretion volume against cumulative time of
collection (Johnson et al., 1962).
Dry matter intake (DMI) was estimated by:
DMI

=

F/(1 - D)

where F is the dry matter excretion rate (g/day) and D
is the forage digestibility.
Total Kjeldahl nitrogen was determined on extrusa,
fecal, and urine samples following the method described by
Hach et al.

(1985), where colorimetric spectroanalysis is

made after sample decomposition in peroxymonosulfuric
acid.

Nitrogen analysis of extrusa and feces was

performed on dry matter.

Urinalysis for percent nitrogen

was conducted on liquid samples.
protein was assumed to be 6.25.

The ratio of nitrogen to
The energy content

(Kcal/g) of extrusa, feces, and freeze-dried urine was
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Excretion rates of nitrogen and energy to feces and
urine were calculated as the product of volume times
concentration.

Ingestion rates of nitrogen and energy

were calculated as the product of estimated DMI times
concentration levels in the diet.
Nitrogen and

~

Budgets

Biological partiti on ing o f ingested nitrogen and energy
to feces and urine was used to estimate apparent
digestible and metabolizable nutrient levels.

Values were

reported on a metabolic body weight basis (MBW

*

-1

d

),

with animal weights based on kilograms raised to the .75
power.

Digestible nitrogen was determined by subtracting

fecal N from total intake N.

Apparent N balance was then

calculated by subtracting urinary N losses from the
digestible amount.
Apparent digestible energy (DE) was estimated as the
difference between gross energy intake and fecal energy
(FE). Metabolizable energy (ME) was then calculated by
subtracting urinary energy from DE.

Relative energy

status was estimated by first determining requirements on
a digestible organic matter intake (DOMI) basis using the
relationship developed by Coop and Hill (1962):
.727
DOMI = ~.~6l~(W)
where w equals the liveweight of the lactating ewe.
Estimated maintenance requirements were then evaluated
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against measured levels of DOMI to determine relative
intake of digestible energy.
Crude protein requirements were determined factorially
using the basic formula (NRC 1985):
PDt + POl + MFP + EUP + DL + WOOL
C.P.g/day
NPV

=

where: PD

protein deposited (tissue)

=

t

daily gain in kg x (268 - 29.4 xECOG), when energy
NEg in kcal/day
content of gain (ECOG)
gain in g/day
PD

protein deposited (lactation)

= milk production

composition values from Torres-Hernandez and
Hohenboken (1979).
MFP

33.44g/kg dry matter

metabolic fecal protein
intake.

EUP

endogenous urinary protein

=

kg
3.14675 x BW

+

3.375.
DL

= dermal

Wool protein

loss

=

kg
3.1125 x MBW

= 6 . 8g (assuming an annual grease fleece

wt. of 4 kg).
NPV

net protein value

3.561 (based on a true

digestibility value of 3.85 and a biological
value of 3.66).
Estimated maintenance requirements were then evaluated
against measured levels CP consumption to determine
relative CP intake. Since nitrogen and energy are measured
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in incompatible units, relative ratios of intake versus
requirement were developed to facilitate nutrient
comparison.
Statistical Analysis
Data were analyzed using a general linear model
(repeated measures) by factorial analysis of variance
(Hurst, 1986).

Significant differences were determined by

means comparison procedures using Newman-Keuls test (Steel
and Terrie, 196B).

A pooled-variability term within

parameter type and across years was used, since it was
assumed between-animal variation existed but wasn't
relatively altered. Data were analyzed at the 95\
confidence level.

Principal effects examined were year x

trial and trial x animal interactions.

Results from each

of the two summer grazing seasons studied were presented
separately.
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RESULTS AND DISCUSSION
Rates Of Intake And Excretion
Estimated dry matter intake (DMI), DMI as a percentage
of body weight, and the IVOMD of sheep diets are shown in
Table 1.

In 1986, DMI peaked during the July sampling

period.

Absolute values of estimated DMI (Table 1) agree

with those of Cook et al.

( 1961) for lactating ewes on

summer range in northern Utah, where intake ranged from
1.38 to 1.99 kg/(ewe

*

-1

d

) across the grazing season.

When expressed as a percentage of body weight, the values
obtained by Cook et al.

(1961) tend to be slightly higher

than those found in this study.

The difference is

probably due to their use of smaller ewes (54 kg versus
71.2kg).
Dry matter intake peaked in July for the 1986 grazing
season and in early August during the 1987 season.

These

periods were near the end of the growing season for both
years.

Presumably, forage availability was at its highest

at those times.

Associated factors allowing relatively

higher DMI were IVOMD values in excess of 68.5% (Table 1)
and simultaneously high fecal excretory rates (Table 2).
Given the fact that reticula-rumen fill is relatively
constant on lBB% roughage diets, it has been found that
retention time in the rumen bears a strong negative
relationship with voluntary intake (Thornton and Minson,
1972).

Although forage digestibility and DMI are poorly
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TABLE 1. ESTIMATED DRY MATTER INTAKE (OM!) INTAKE AS A
PERCENT OF BODY WEIGHT {\ BWl AND In Vitro ORGANIC
MATTER DIGESTIBILITY (IVOMD)~
PRODUCTION EWE DIETS!
Month

DMI
(kg/d)

IVOMD

\ BW

1986
July

2. 4911 ±. 13.37*,2

3.36 ±. 13.42

68.5a ±. 13.97

Early
Aug.

1. 85b ±. 13.27

2.61 ±. 13.34

62.4b ±. 1.138

1. 98b ±. 13.27
b
1. 55 ±. 13.26

2.83 ±. 13.38

68.la ±. l.lil
c
59.3 ±. 1. 25

Late
Aug .
Sept.

2.15 ±. 13.33
1987

July

1. 66b ±. 13.28

2.29 ±. 13.34

7l.la ±. 13.97

Early
Aug.

2 . 57a ±. 13.42

3.45 ±. 13.58

713.6a ±. 1.138

1. 83b ±. 13.29
c
1. 32 ±. 9.25

2.613 ±. 9.38

68.3a ±. l.lil
b
62.4 ±. 1. 21

Late
Aug.
Sept.

1. 88 ±. 13.34

*
1

mean ±. standard error
data based on an average ewe wieght of 72.1 kg.

2

different subscripts within columns and years denotes
significant (P<.95) differences.
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TABLE 2. ESTIMATED DRY MATTER INTAKE (DMI) AND EXCRETION
RATES OF FECES AND URINE OF PRODUCTION EWES!

==========================================================
Month

DMI
(kg/d)

Feces
(g/d)

Urine
(ml/d)

1986
a

* 12
113.37

a

a

July

2.4113

±.

Early
Aug.

1. 85b

±. 113.27

694a ±. 5

1862a ±. 1113

Late
Aug.

1. 98b

±. 113.27

631a ±. 5

1987a ±. 11

Sept.

1. 55b

±. 113.26

631a ±. 5

214113a ±. 14

757

±. 6

1968

±. 9

1987
b

b

a

July

1. 66

Early
Aug.

2.57a ±. 113.42

785a ±. 8

1412b ±. 12

Late
Aug.

1.83a ±. 0.29

696b ±. 6

1798a,b ±. 11

Sept.

1. 32c

539b ±. 5

1326b ±. 12

±. 113.28

±. 0.25

51139

±. 5

232113

±. 13

mean±_ standard error
1
data based on an average ewe weight of 72.1 kg
2

means in the same column, within years, followed by
different letters are significantly (P<0.05) different.
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correlated (Cordova et al., 1978), the fact that fecal
output peaks corresponded with IVOMD infers that rate

of

passage was probably highest in midseason of both years.
Due to equipment modifications, the total collection for
July, 1986 spanned only 48 h; therefore, the excreta and
intake values determined may be biased relati v e to the
remainder of the study .
Relative monthly precipitation data are presented in
Fig. 1 for both years of this study and the 18-year mean
(Bowns, data on file).

Digestibility indices within each

year may have been related to winter and spring
precipitation patterns for each respective grazing season.
Previous botanical assays of sheep diets on Cedar Mountain
have indicated that Kentucky bluegrass makes up to 70\ of
early season diets (Senft et a1., 1986), while it
comprises approximately 59\ of the diet following 30 days
of regrowth (Ruyle, 1983).

In 1986, below-normal winter

and growing season precipitation in May and June seems to
have resulted in a significant decline in both DMI and
IVOMD between the July and early August sampling dates
(Table 1).

Subsequent above-normal rainfall in August

1986 allowed regrowth of the preferred dietary component,
Kentucky bluegrass, to occur.

Inclusion of regrowth in

the diet apparently caused IVOMD to increase significantly
(62.4 to 68.1\J from early to late August of that year.
In contrast to 1986, May 1987 precipitation was 90\

2.0
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c:

.,!:..

1.0

!:-u

0.5

01988
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!!
u
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.,.c:c:

0.0

D

::0:

u

.,~..

-0 . 5

...,!-1.0
Relat1va prac1p1tat1on • monthly amount - 18 year average
monthly amount

-1.5
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Figure 1. Relative monthly precipitation data recorded six miles
north of the study site at a similar elevat i on of 259B m.
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greater than the 18 year average (Fig. 1), while winter
precipitation was slightly below normal.

Phenologically,

forage continued to grow further into the grazing season
than during 1986. Dry matter intake peaked in early August
(1987) near the end o f the growing season, while
subsequent IVOMD determinations showed a significant
decline between the late August and September sampling
dates ( Table 1).
Urinary excretion (ml / ewe

*

-1

d

) was more variable among

animals than fecal dry matter production as determined by
standard error analysis (Table 2).

Differences between

ewes in urinary volume may be explained by differing
levels of water intake or physiological functioning.

A

tendency was observed for total N or energy variability to
be mediated by concentration or volume interactions within
animals.

Fecal dry matter production paralleled DMI

through both years of the study.
Nitrogen Status
Concentration levels of dietary, fecal, and urinary N
are shown in Table 3.

Dietary N increased significantly

between the first and second halves of the summer grazing
season in 1986.

July dietary N was relatively low at

1.61\, or 1B.B6\ crude protein.

This was due in part to

the observed deficiency of early season £orbs, likely

-related to the precipitation patterns previously
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TABLE 3. CONCENTRATIONS (\) OF DIETARY, FECAL, AND URINARY
NITROGEN (N) IN PRODUCTION EWES!
Month

Dietary N

Urinary N

Fecal N
1986

a

*,2

±.. 0.12

0. 58

±.. 0.16

±.. 0.04

1.78a

±.. 0.16

0.6la

±.. 0.19

±.. 0.05

1.69a

±.. 0.19

±.. 0.20

±.. 0.29

3.93a
a
0. 8 6

±.. 0.26

0. 9 0

±.. 0. 29

3.83a

±.. 0.18

0.79a
a
0. 75

±.. 0.19

1.61

±.. 0.04

Early
Aug.

1.72a

Late
Aug.

2.09b

a

b

Sept.

±.. 0.05

2.06

a

a
2. 03

July

1.62

±.. 0.19

1987

a

a

a

July

2 . 59

±.. 0. 03

2.29

Early
Aug.

2.22b

±.. 0.04

2.03a,b

Late
Aug.

1.66c

±.. 0.04

2.16a

d

Sept .

*

mean

1.34

±.. 0.05

±.. 0.20

±.. 0.19

b

1.63

±.. 0.26

±..

0. 22

±.. standard error

1

data based on an average ewe weight of 72.1 kg
means in the same column followed by different letters
are significantly (P<0.05) different.
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dieeueeed.

Ruyle (1983) determined that sheep utilize an

average of 96\ of the American vetch standing crop, and
that the highly palatable forb accounts for a significant
percent of the early season diet.
Dietary N concentrations were linearly related with
2

urinary N concentrations (r

=

.98 and .97) and with total

2

= .97 and .89) for the 1986 and 1987 grazing

urinary N (r

seasons, respectively.

This relationship reflects a

physiological attempt to maintain homeostasis between
circulating blood urea and ruminal ammonia

(Van Soest,

1982). Under the control of natural gradients, excess
dietary N is shunted from the animal via the urine.

Fecal

N concentrations varied throughout each year under study,
but without any statistical significance.
Nitrogen partitioning on an absolute basis
(gN/(ewe

*

-1

d

)) is shown in Table 4.

Intake N

exhibited the greatest sensitivity to changing forage
conditions.

The increase in N consumed during late August

1986 appears to be related to significant increases in
both the N concentration and digestibility of the diet.
Total fecal N declined throughout the 1986 grazing season
even though there was a general trend of increased N
consumption.

This seems to be related to a reduction in

fecal dry matter output (Table 2), and may be associated
with an increase in apparent N digestibility (Table 5).
Means analysis of N excreted via the urine in 1986
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TABLE 4

0

ESTIMATED INTAKE AND EXCRETION OF NITROGEN (N)
TO FECES AND URINE OF PRODUCTION EWESl.
DATA EXPRESSED AS gN/ (ewe * d-1)

==========================================================

Month

Intake N

Fecal N

1986
*,2

a,b

±. 1.5

a

a
11.8

±. 0.5

±. 0.7

11.2a

±. IL6

10.5b,c ±. li!.4
c
lli!.0 ±. li!.7

18.5a
a
18.7

±. 1.1

±. 0.9

July

38.7

Early
Aug.

31. 7b

±. 1.1

12.4a,b

41.3a
b
31.9

±. 1.3

Late
Aug.
Sept.

15.3

±. 1.2

Urinary N

±. 1.2

1987
a
July
Early
Aug.
Late
Aug.
Sept.

*

mean

45.7

11."

±. li!.9
±. 1.1

20.6

±. 1.2

13.la,b

±. li!.9

59.4b

±. 2.1

15.3b

31.8c
c
19.1i!

±. 1.3

12.5b,c ±. li!.7 12.9a,b ±. li!.7
b
d
10.1 ±. 0.9
8.3 ±. 0.5

±.

l.l:l

±. standard error

1

average ewe weight
2

a

a,c

±. 1.6

=

72.2 kg.

means in the same column, within years, followed by
different letters are significantly (P<.Ii!5) different.
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TABLE 5. DIGESTIBILITY AND BUDGET OF NITROGEN (N)
IN FREE-GRAZING PRODUCTION EWES. DATA EXPRESSED
AS gN/(MBW * d-1)
1986

Dig.
Nl

1987

Dig.

N

\2

Budget3

\4

N

Budget

N

July

0.95

60

+0.46

29

1. 34

75

+0.56

31

Early
Aug.

0. 79

60

+0.32

25

1. 61

73

+1. 09

49

Late
Aug.

1. 28

74

+0.51

29

0.74

59

+0.25

20

Sept.

0. 90

69

+0.13

10

0.41

56

+0.03

4

Average
SE

66
±.0.07

±.0.16

±.0.07

1

Digestible N

N intake

26

66

23

fecal N

N budget = N intake - fecal N - urinary N
2,4

Expressed as percent of total N intake

±.0.16
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indicated a wider range of values than those obtained from
fecal production.

However, inter-animal variability

precluded any statements regarding statistical
significance.

In 1987, detectable differences in urinary

N were found between the start and finish of the grazing
season (Table 5).
Figures 2 and 3 illustrate nitrogen partitioning as a
function of metabolic body weight for 1986 and 1987.

The

relationship between dietary N concentration and total
urinary N is shown.

Dietary concentrations of crude

protein (N X 6.25) exceeded obligatory rumina!
requirements of 6-8% C.P., as suggested by Van Soest
(1982), across both years; therefore, it remains unclear
how this relationship would have been maintained at lower
CP concentrations.

Corresponding values for the graphical

information depicted in Figs. 2 and 3 may be found in
Appendix Table 9.
A partial nitrogen budget for production ewes is shown
in Table 5.

Apparent digestible N peaked in late August

1986, reflecting the shift in consumption from mature to
regrowth forage.

Nitrogen budgets, as determined by

difference, indicate that in 1986 an average of 23%
ingested N was retained for productive uses.
seasonal average of 26% was found in 1987.

A similiar
It is presumed

that retained N is routed to either maternal tissue
deposition or lactational demands.

By the end of the
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grazing season in both years, apparent retained N had
fallen to 13 and 4% (1986 and 1987 respectively).

This

may reflect a change in the degradable nature of ingested
N and/or a reduction in maternal demand.

Measured levels of gross energy (GE) intake were closely
2

related (r =.99) to DMI throughout the study.

The energy

content of freeze-dried esophageal extrusa averaged 4.11
kcal/gram and didn't vary across periods or year.

Gross

energy intake on an absolute and metabolic body weight
basis peaked in July 1986, and during the first half of
August in 1987 (Figures 4 and 5).

Corresponding values

for the information depicted in Figs. 4 and 5 may be found
in Appendix Table 13. Fecal energy (FE) varied directly
with fecal dry matter output within each year and
fluctuated as a function of IVOMD.
Fecal output was the primary route of measured energy
loss through each year under study. Urinary energy (UE)
accounted for only 15 and 13% of total excreted losses
during 1986 and 1987, respectively (Table 6).

Inter-

animal variability of urinary volume (Table 2) was
mediated by its relatively low dry matter content of 3-7%.
No correlation within years was found between total urine
2

N and UE, r

-.68 and .51 (1986 and 1987 respectively).

Digestible and metabolizable energy budgets are shown in
table 7.

In all instances absolute values of ME, as

500

I
400~

LEGEND
........ INTAKE ENERBY

.__

--"f- FECAL ENERGY
~

"D

300

I

*
i

)1:

~

•u

""

200

100

JULY

EARLY AUG

LATE AUG

SEPT

DATE
Figure 4. Gross energy partitioning observed in free-grazing
ewes on summer range. 1986.

URINE ENERGY

500

I

LEGEND

'D

300

----- INTAK! !NERBY

/'-....

400f

~

/

I

......,_ FECAL I!NER&Y

-+-

URINE !NERBY

*

]1:

~
......

....

•u

:.:

200

100

oL-------------+-------------+-------------+-------------+-----------~

JULY

EARLY AUG

LATE AUG

SEPT

DATE

Figure 5. Gross energy partitioning observed in free-grazing
ewes on summer range. 1987.

'"
"'

37

TABLE 6. ESTIMATED INTAKE AND EXCRETION RATES OF ENERGY
TO FECES AND URINE IN PRODUCTION EWES!.
DATA EXPRESSED AS kcal/(ewe * d-1)

==========================================================
Month

Urine

Feces

Intake
1986

July

9871

±. 24

3337

±. 13

564

±. 5

Early
Aug.

7843

±. 18

3183

±. 11

546

±.

Late
Aug.

8154

±. 18

2814

±.

13

499

±. 5

Sept.

6629

±. 17

2756

±. 11

559

±. 4

1987
7337

±. 19

2384

±. 19

412

±. 5

Early
Aug.

11149

±. 23

3888

±. 15

457

±. 5

Late
Aug.

7928

±. 21

3953 :!:. 14

479

±. 5

sept.

6982

±. 17

2536 :!:. 12

351

±. 5

July

mean
1

±. standard error

Based on an average ewe weight of 72.2 kg.
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derived by difference, are higher than ME as a product of
DE X .82 (NRC, 1985).

This is explainable by the fact

that methane and heat increment losses were not accounted
for under absolute calculations .

There was a tendency in

both years for absolute ME to approach ME determined as a
function of DE by the end of each summer grazing season.
Digestible energy was variable through the initial
grazing season (Table 7).

The decline in DE noted during

the first half of 1986 may be related to the concomitant
reduction in IVOMD from 68.5 to 62.4\ (Table 1), or it may
be an artifact of the abbreviated total fecal collection
conducted in July.

Apparent digestible energy during 1967

peaked with DMI in early August (Table 7) and subsequently
declined through the remainder of the season with
advancing forage maturity.
Nutritional Limits To Production
Estimated requirements versus intake of crude protein (N
X 6.25) and energy are shown in Table 8.

Since National

Research Council (NRC, 1985) requirements are presented
across broad physiological states and weight classes,
individual requirements were calculated for each nonfistulated ewe.

In addition, the energy requirements for

free-ranging ruminants are known to be

2~

-

7~\

greater

than those of similar stall-fed animals, rendering the NRC
values inappropriate (Young and Corbett, 1972a; Osuji,
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TABLE 7. DIGESTIBLE (DE) AND METABOLIZABLE (ME) ENERGY IN
FREE-GRAZING PRODUCTION EWES . DATA
EXPRESSED AS kcal/(MBW * d-1)
1987

1986
1
Month

DE

2
ME

3
DE

ME

ME

ME

July

263 . 6

249 . 5

216.2

188.9

171.2

154.9

Early
Aug.

188 . 8

166 . 4

154.8

266.6

246.8

218 . 6

Late
Aug .

219 . 8

199 . 6

189.2

193.4

175.7

158 . 6

Sept.

153.9

139.7

125.5

138.2

124.8

113.3

±.8.4

±.1. 8

±.8.4

±.1. 8

SE
1

Digestible energy (DE)

= GE (intake) - FE

2
Metabolizable energy ( MEl
3

= GE - FE - UE

ME estimated as DE X .82 (NRC 1985)
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1,2
TABLE 8. MAINTENANCE REQUIREMENT
AND ESTIMATED INTAKE
OF NITROGEN (N) AND DIGESTIBLE ORGANIC
MATTER (DOMI) OF PRODUCTION EWES

Month

Nitrogen(g/day)

Energy(DOMikg/day)

Requirement

Requirement

Intake

Intake

1986
July

226.3

241.9

1.14

1. 65

Early
Aug.

184.4

198.5

1.12

1.18

Late
Aug.

192.7

258.7

1.12

1.13

Sept.

167.3

199.5

1.13

9.92

July

247.8

285.1

1.11

1.18

Early
Aug.

266.6

358.9

1.12

1. 81

1987

Late
Aug.

198.3

229.8

1.12

1. 26

Sept.

159 . 9

118.2

1.13

".82

1

NRC 1985
2

Coop &

Hill. 1962
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1974).

Therefore, relative l i miting nutrient data is

presented as est i mated CP intake per f actorized
requirement and estimated digestible organic matter i ntake
(DOMI) per body weight requirement as suggested by Coop
and Hill (1962).
Direct comparison of CP and energy n ecessitates the
convers i on o f measured amounts to d i mensionless units, i n
the form of ratios.

Relative crude protein intake (RCPI)

and relat i ve DOMI is depicted in F i gs . 6 and 7 and is
drawn from the data i n Table 8 .
During the 1986 graz i ng season (Fig. 7) neither nutrient
appeared to be limiting to production, with the exception
of DOMI at season's end. RCPI remained above maintenance,
even though dietary concentrations of CP were below stated
requirements (NRC, 1985).

However, NRC tabular values are

based on maternal weight gains exceeding those realized by
the ewes i n this study.
The effects of ingesting forage regrowth on relative
nutrient consumption may be clearly seen in the two August
sampling periods in 1986 (Fig. 6).

Discussion had taken

place in mid-season that perhaps livestock would be
removed from the study site at an early date due to
anticipated over-utilization of the forage resource (J.
Bowns, pers. comm.).

The decline in relative DOMI through

the first half of the grazing season, particularly with
respect to range forage as a source of available energy,
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seems to bear this out (Fig. 7).

This problem was

alleviated when abundant summer precipitation resulted in
considerable forage regrowth.
Results from the first three months of the 1987 grazing
season (Fig. 8) illustrate both RCPI and DOMI present in
amounts above maintenance, with neither more limiting than
the other.

Relative crude protein intake (RCPI) and DOMI

appeared to decline to submaintenance amounts at season's
end (September). It should be noted that calculated
maintenance requirements were based upon milk production
estimates up to the 15th week of lactation, and that the
September period in both years represented ewes in their
20th week.

Therefore, data presented at each season's end

may be artificially depressing true nutrient status.
However, when intake was determined exclusive of any
lactational demands, RCPI didn't change relative to either
DOMI or maintenance.
Young and Corbett (1972a) determined that range sheep
have a maintenance energy requirement of 132 kcal/(MBW

*

-1

d

).

Applying this caloric estimate to the energy

budgets in Table 7, sheep in this study would have been in
an apparent ME deficit by the third week of September in
each year.

These results agree with energy status as

determined by DOMI (Figs. 6 and 7).

The decline in

relative intake ratios of ME may reflect a lowered ME
demand caused by both reduced milk production and the fact
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production ewes were nearing their normal body weights.
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SUMMARY
Through both summer grazing seasons, dietary N
concentration was linearly related to urinary N
concentration and total urinary N excretion.

This

relationship held whether dietary N concentration was
declining (1986) or ascending (1987).

Total urinary N

varied with greater amplitude than fecal N and appeared to
be the primary shunt of excess intake N.

Total fecal N

(dietary and endogenous origin) was apparently a function
of fecal dry matter output rather than fecal N
concentration.

Given the available data points,

it was

noticed that when dietary N concentration exceeded 2.9\
urine, was the main vector of measured losses. Conversely,
feces were the principal route of excretory losses when
dietary N concentration fell below 2.9\.
Relative energy status of production sheep was directly
related to dry matter ingestion levels .

Peak dry matter

intake approximated that of the end of the growing season
in both summer grazing seasons.

The principle route of

measured gross energy loss was via the feces and varied
with dry matter output.

Urinary energy accounted for only

12-14\ of measured losses in both years.
During 1986, CP was potentially more limiting to
production than digestible organic matter (energy) early
in the grazing season.

By the termination of the grazing

season it appeared that digestible organic matter was
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"more" limiting than CP and may also have been present in
submaintenance amounts.
In 1987, neither nutrient was noticeably more limiting
relative to the other or to maintenance through the
majority of the grazing season.

However, by September

both CP and digestible organic matter had apparently
fallen below maintenance requirements.

It's possible that

relative nutrient in take levels were influenced by
sampling locations or the fact that experimental sheep had
limited access to the pasture at large.

However, paddock

management was conducted in such a way as to closely
simulate the forage conditions encountered in the
remainder of the pasture.
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TABLE 9. ESTIMATED INTAKE AND EXCRETION OF NITROGEN TO
FECES AND URINE OF PRODUCTION EWES. DATA
EXPRESSED AS gN/(MBW * d-1)
Month

Intake N

Fecal N

Urinary N

1986
a,b,*

a

a

July

1. 57

9.62

9.49

Early
Aug.

1. 39b

9.5la,b

9.48a

Late
Aug.

1. 7la

9.43b,c
c
9.41

9.77a
a
9 . 77

b
Sept.

1. 39

1987
b

a,c

a

July

1. 79

9.45

9.78

Early
Aug.

2.29a

9.56b

9.53a,b

Late
Aug.

1. 25c

r.J.Slb,c
d
9.32

9.49a,b
b
9.38

c
Sept.

9.73

Different superscripts within columns denote
significant differences (P<. 95).
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TABLE 19. ESTIMATED INTAKE AND EXCRETION RATES OF ENERGY
TO FECES AND URINE IN PRODUCTION EWESl. DATA
EXPRESSED AS kcal/(ewe * d-1)
Month

Intake

Urine

Feces
1986

a
±. 24

*

a

a

July

9871

3337

Early
Aug.

7843b ±. 18

3183a ±. 11

54 6a ±.

Late
Aug.

8154b ±. 18

2814a ±. U
a
2756 ±. 11

499a ±. 5
a
559 ±.

b

Sept.

6629

±.17

±. 13

564

±. 5

1987
b

July
Early
Aug.
Late
Aug.
Sept.

*

7337

a,b

b

±. 19

2384

±. lS

±. 5

412

1114i!a ±. 23

3888a ±. 15

457a ±. 5

7928b ±. 21
b,c
6982
±. 17

3953b ±. 14

47Sa,b ±. 5
b

b

2536

±. 12

3 51

mean ±. standard error

1

Based on an average ewe weight of 72.2 kg.
Different superscripts within columns and years denote
significant (P<.i!5) differences.

±. 5
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TABLE ll . SAMPLING SCHEDULE FOR THE
1986 AND 1987 GRAZING TRIALS.
Esophageal Extrusa

Total Fecal and
Urine Collection
1986

July 14-18

July 29-21

August 12-15

August 8-12

August 2 8-Sept.l

August 21-25

Sept. 19-22

Sept. 9-12
1987

June 26-39

July 1-4

July 26-29

August 1-4

August 18-21

August 25-28

Sept. 14-17

Sept. 24-27

Collection 48 h for this sampl i ng period
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